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1.0 INTRODUCTION  

This Technical Memorandum summarizes the findings of the additional groundwater investigation 
performed by Resolution Consultants (Resolution) at the Shenandoah Woods Housing Complex, 
located at the former Naval Air Warfare Center (NAWC) Warminster between 4 June 2015 and 1 July 
2015, under Naval Facilities Engineering Command (NAVFAC) Atlantic, Comprehensive Long-Term 
Environmental Action, Navy (CLEAN) Contract No. N62470-11-D-8013, Contract Task Order (CTO) WE 
28.  

The former NAWC Warminster is an 824-acre facility located in Warminster Township, Northampton 
Township, and Ivyland Borough, Bucks County, PA.  As a result of the Defense Base Realignment and 
Closure Act (BRAC), NAWC Warminster was closed on 31 March 1997; the entire property, except for 
the Shenandoah Woods parcel, has been transferred to the private sector for redevelopment. Custody 
of the Shenandoah Woods Housing Complex on the NAWC Warminster property was transferred to 
NASJRB Willow Grove located in nearby Horsham Township, Montgomery County, Pennsylvania.  
Historic waste disposal locations were grouped within three general areas on the former NAWC property 
(see Figure 1): Area A (Sites 1, 2, and 3), Area B (Sites 5, 6, and 7), and Area C (Sites 4 and 8).  A 
fourth general area (Area D) primarily includes the former main building complex at the former NAWC 
Warminster. This perfluorinated compounds (PFCs) investigation focused on the former Navy housing 
area, consisting of approximately 55 acres, which includes a portion of Site 5 of Area B.   

PFCs are persistent in the environment and are an emerging class of environmental contaminants.  
PFCs are used to make a wide range of products including oil-, stain-, heat-, and water-resistant 
materials such as clothing (i.e. GORE-TEX®), carpeting (i.e. Scotchguard™), furniture, food packaging 
(i.e. popcorn bags), flooring (i.e. Stainmaster™), non-stick cookware (i.e. Teflon®), stain/water resistant 
paint, and roofing materials. They were also used as surfactants in metal plating baths, shampoos, 
moisturizers, shaving cream, oil well surfactants, aqueous film forming foam (AFFF), and semiconductor 
baths.  Additional applications of PFCs include use in rust inhibitors, starting materials for 
herbicides/pesticides, acid mist suppressants, aviation hydraulic fluids, and adhesives.  (Tetra Tech 
2014).  

Short-term Preliminary Health Advisories (PHA) were developed by the USEPA for 
perfluorooctanesulfonic acid (PFOS) (0.2 micrograms per liter (µg/L)) and perfluorooctanoic acid 
(PFOA) (0.4 µg/L) to reduce potential exposure through drinking water (EPA 2009 and 2014). Currently, 
there are not PHAs for the remaining four PFCs (perfluorononanoic acid [PFNA], 
perfluorohexanesulfonic acid [PFHxS], perfluoroheptanoic acid [PFHpA] and perfluorobutanesulfonic 
acid [PFBS]) evaluated during this sudy.   

PFCs (PFOA and PFOS) were identified in on-site and off-site wells in the vicinity of NAWC Area C 
during the five year review (Tetra Tech 2011). Sampling for PFCs was initiated at Shenandoah Woods 
in 2015 in support of property transfer (Resolution, 2015). Monitoring wells HN-107, HN-108, and HN-
109 were installed and soil samples collected from 23 March through 27 March 2015.  Soil sample 
results were below the laboratory detection limits except for SB7 (PFOS 6.040 J µg/kg).  The monitoring 
wells were sampled on 16 April 2015. Concentrations of PFOS and PFOA in the groundwater samples 
were below their respective EPA PHA in all monitoring wells sampled except PFOS in HN-108I.  PFOS 
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detected in the groundwater samples collected from HN-108I (0.236 µg/L) exceeded the PHA for PFOS 
(0.2 µg/L).  Detectable concentrations of PFOS and PFOA were reported in all groundwater samples 
collected except in those obtained from HN-108S.  

This additional investigation was initiated to further characterize the occurrence and concentrations of 
six PFCs: PFOA, PFOS, PFNA, PFHxS, PFHpA and PFBS in groundwater at Shenandoah Woods. 
Installation of monitoring wells was requested by the Pennsylvania Department of Environmental 
Protection to determine if PFCs are present in shallow groundwater and might be discharged by 
basement sump pumps if the area is redeveloped.  A maximum depth for each well of 25 feet below 
ground surface (bgs) was proposed to account for the possible future use of basement sump pumps.   
The six PFCs were analyzed to be consistent with previous investigations. During this investigation, 
groundwater samples were collected from six monitoring wells with one blind duplicate. Groundwater 
data for PFOS and PFOA were compared to the PHAs.  PFC sample locations are shown on Figure 1. 
Note that three dual-nested monitoring well pairs were installed in Shenandoah Woods during previous 
investigation activities performed in April 2015.  These wells are also shown on Figure 1; but were not 
sampled during the July 2015 groundwater sampling event. 

2.0 FIELD ACTIVITIES 

Between 4 June and 12 June 2015, six monitoring wells were installed and developed at Shenandoah 
Woods (Site 5) to identify potential PFC impacts to shallow groundwater.  The wells were sampled 
approximately two weeks later on 30 June and 1 July 2015.  

Monitoring Well Installation 

Monitoring well locations were selected in accessible areas within the residential portions of 
Shenandoah Woods.  Well installation details are summarized below. 

On 4 June 2015, a geophysical survey was performed by PULS, Inc. of Bethlehem, PA under 
Resolution oversight for utility clearance purposes in each of the six proposed well locations.  On 8 June 
and 9 June 2015, the initial boreholes were advanced at the HN-110 to HN-115 locations (Figure 1).  
The boreholes were advanced by Raab Drilling of Perkasie, PA, a Pennsylvania licensed driller, using 
an air rotary drill rig, under oversight of a Resolution geologist.  Based on previous investigations at the 
Site and discussions with the US EPA, the target depth for the monitoring wells was a maximum of 25 
feet bgs.  At each location, a 10-inch carbide hammer was used to advance borings to 25 feet bgs. Six 
flush mounted, two-inch diameter monitoring wells were completed at each location.  Monitoring wells 
were constructed with two-inch polyvinyl chloride (PVC) 0.01-inch well screen and riser.  The annular 
space was filled with Number 1 sand to two feet above the well screen.  The monitoring well was sealed 
above the screen using bentonite slurry via pressure grout injection to 1-foot bgs.  The well seal cured 
for 24 hours prior to surface completion of the well pad.  

Monitoring wells were developed on 11 June and 12 June 2015.  Soil cuttings and groundwater 
generated during drilling and well development purge water were containerized in drums.  The drums 
were transported to the NAWC groundwater treatment plant where they were staged pending 
characterization and off-site disposal.  Off site disposal was completed on 23 July 2015  

Completed monitoring wells were surveyed in Pennsylvania South State Plane, UTM Zones 17 and 18, 
by R.L. Showalter & Associates of Chalfont, PA.  A well construction table is provided as Table 1. Well 
locations are shown on Figure 1. Boring logs and well construction diagrams are included in 
Attachment 1.   
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Groundwater Sampling 

On 30 June and 1 July 2015, monitoring wells were gauged and sampled in accordance with US EPA 
Region 1 Low-Stress Sampling Guidance (EPA 2010).  Precautions were taken to avoid sample 
contamination and/or bias during collection per the draft Sampling and Analysis Plan (SAP) (Battelle, 
2015). Products containing Teflon® were not used during sample collection, handling, or transportation.  
Sampling personnel did not use any waterproof items, wore only well-laundered clothing, and attempted 
to identify and isolate any potential PFC-containing materials that might cross-contaminate groundwater 
samples.   

During gauging, depth to groundwater was measured above the well screens in three of the six 
monitoring wells (HN-111, HN-114, and HN-115). Groundwater was encountered during drilling at 21 
feet bgs in HN-110, 24.5 feet bgs in HN-111, 22 feet bgs in HN-112, 18 feet bgs in HN-114, and 22 feet 
bgs in HN-115. Water was not encountered in HN-113 during drilling.  Well screen intervals were 
proposed from 15 to 25 feet bgs to coincide with the depths of sump pumps that may be installed in 
basements if/when the land is redeveloped.  Monitoring well screens were set from 15 to 25 feet based 
on the depths of water encountered during drilling; however, water levels rose after well installation. 
During drilling, weathered bedrock was noted through the entire boring column to 25 feet bgs. The 
depth of weathered bedrock is consistent with a geophysical investigation designed to investigate 
bedrock water-bearing fractures beneath the site at Area C (U.S. Geological Survey 2008).  Area C was 
divided by the U.S. Geological Survey into shallow and deep hydrogeologic units.  The shallow unit is 
comprised of sandstone.  The deep hydrogeologic unit is defined as water-bearing bedrock beneath the 
shallow hydrogeologic unit, and typically exhibits artesian conditions (Batelle 2015).  Consistent with 
shallow hydrogeologic conditions at Area C, boring data from monitoring wells HN-110 through 115 
does not suggest confined or semi confined conditions.     

Groundwater was purged using dedicated, high-density, polyethylene tubing that was discarded after 
each sample was collected. Groundwater was extracted using a stainless steel submersible pump that 
was decontaminated before each use with distilled water and Alconox detergent. Monitoring wells were 
purged continuously until water quality parameters (pH, conductivity, dissolved oxygen, and turbidity) 
stabilized.  Once parameters stabilized, groundwater samples were collected for analysis in clean, 
laboratory-supplied, PFC-free, high-density polyethylene bottles.  A blind duplicate and a field blank 
were collected using laboratory-certified, PFC-free, deionized water. Matrix spike and matrix spike 
duplicate samples were collected and analyzed at a rate of one per 20 samples.  Samples were 
packaged with ice in a cooler, and shipped via laboratory courier under chain-of-custody to Accutest 
Laboratories of Orlando, Florida (Attachment 2). Samples were analyzed for PFCs using EPA Method 
537 modified for environmental media.  Data validation was completed by the Resolution Project 
Chemist. The data were found to be valid as reported and suitable for decision-making purposes.  The 
data validation report is provided in this document as Attachment 3. 

3.0 RESULTS 

Detectable concentrations of PFOS were reported in all groundwater samples collected on 30 June and 
1 July 2015 and PFOA was detected in all samples except HN-112 and HN-113.  However, 
concentrations of PFOS and PFOA in the groundwater samples were below their respective EPA PHA’s 
in all monitoring wells sampled.   

Where they were detected, concentrations of PFOS were higher than PFOA in all samples.  The highest 
concentration of PFOS was detected in monitoring well HN-110 (0.127 µg/L).  The most common 
detection of the four additional analyzed PFCs without PHAs was PFHxS, which was reported in all of 
the groundwater samples.  The highest concentration of PFHxS was detected in monitoring well HN-110 
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(0.0475 µg/L). The concentrations of all analytes were below their respective detection limits in the field 
blank collected during the monitoring well sampling.  Analytical results from the groundwater 
investigation are summarized in Table 2. 
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GROUNDWATER RESULTS
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HN-115
PFOS: 0.110 
PFOA: 0.0199 J

HN-113
PFOS: 0.0619
PFOA: < 0.032 U

HN-112
PFOS: 0.0449
PFOA: < 0.033 U

HN-110
PFOS: 0.127
PFOA: 0.0210 J

HN-111
PFOS: 0.0508
PFOA: 0.0245 J

HN-114
PFOS: 0.0745
PFOA: 0.0231 J

Notes:  
PFOS/PFOA results reported in micrograms per liter (µg/L)
PFOS - Perfluorooctanesulfonic acid, PFOA - Perfluorooctanoic acid
J - Estimated Concentration
U - Indicates not detected above reporting detection limit
ft - Feet

USEPA Preliminary Health Advisory Levels
PFOS - 0.2 µg/L, PFOA - 0.4 µg/L



 

 

 

 

 

 

TABLES 

 

 

   



Table 1

Well Construction Summary

NAWC Warminster

Well Total Depth (ft bgs) Screened interval (ft bgs) Elevation (ft amsl) Well Type Installed
HN‐110 25 15‐25 361.74 Flush 6/8/2015

HN‐111 25 15‐25 355.38 Flush 6/8/2015

HN‐112 25 15‐25 364.34 Flush 6/9/2015

HN‐113 25 15‐25 367.13 Flush 6/9/2015

HN‐114 25 15‐25 348.46 Flush 6/9/2015

HN‐115 25 15‐25 352.43 Flush 6/9/2015

ft bgs   feet below ground surface

ft amsl  feet above mean sea level

Survey completed by Showalter and Associates

Coordinate System: PA State Plane Southeast, US Feet



Table 2
PFC Investigation - July 2015
Validated Results Summary
NAWC Warminster - Shenandoah Woods

HN-110_06302015 HN-111_07012015 HN-112_07012015 HN-113_07012015 HN-114_07012015 DUP-070115 HN-115_07012015 FB-07012015
HN-110 HN-111 HN-112 HN-113 HN-114 HN-115 HN-115

Screen Interval 15-25 15-25 15-25 15-25 15-25 15-25 15-25 15-25
6/30/2015 7/1/2015 7/1/2015 7/1/2015 7/1/2015 7/1/2015 7/1/2015 7/1/2015
FA25785 FA25785 FA25785 FA25785 FA25785 FA25785 FA25785 FA25785

Chemical Name CAS Units
EPA Health 

Advisory Level
Perfluorobutanesulfonic Acid (PFBS) 375-73-5 µg/L NA < 0.015 U < 0.015 U < 0.017 U < 0.016 U < 0.016 U < 0.015 U < 0.016 U < 0.015 U
Perfluoroheptanoic Acid (PFHpA) 375-85-9 µg/L NA 0.0293 < 0.015 U < 0.017 U < 0.016 U < 0.016 U < 0.015 U < 0.016 U < 0.015 U
Perfluorohexanesulfonic Acid (PFHxS) 355-46-4 µg/L NA 0.0475 0.0254 0.0291 0.0165 J 0.0282 0.0401 0.0416 < 0.015 U
Perfluorononanoic Acid (PFNA) 375-95-1 µg/L NA 0.0132 J < 0.015 U < 0.017 U < 0.016 U < 0.016 U < 0.015 U < 0.016 U < 0.015 U
Perfluorooctanesulfonic Acid (PFOS) 1763-23-1 µg/L 0.2 0.127 0.0508 0.0449 0.0619 0.0745 0.104 0.110 < 0.015 U
Perfluorooctanoic Acid (PFOA) 335-67-1 µg/L 0.4 0.0210 J 0.0245 J < 0.033 U < 0.032 U 0.0231 J 0.0194 J 0.0199 J < 0.031 U

Notes:
CAS Chemical Abstracts Service Number
U indicates not detected above reporting detection limit
J indicates estimate value
EPA Environmental Protection Agency
Gray shading indicate exceedance of EPA Health Advisory Level
µg/L micrograms per liter
Screen Interval is expressed in feet below ground surface

Sample ID
Location

Sample Date
Sampled Delivery Group
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North Project Number: 

Site Location: 
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North Project Number: 

Site Location: 

HN-110 Coordinates: Sheet:  

Drilling Method: 

Sample Type(s): 

Weather: Start Date: 

Drilling Contractor: GS Elevation: 362.01 Date Complete: Water Level: 
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HN-111 Coordinates: Sheet:  

Drilling Method: 

Sample Type(s): 

Weather: Start Date: 

Drilling Contractor: GS Elevation: 355.73 Date Complete: Water Level: 
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Weather: Start Date: 
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Cleared to 5 ft. bgs. via vacuum truck and air knife. Concrete
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HN-113 Coordinates: Sheet:  

Drilling Method: 
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Weather: Start Date: 

Drilling Contractor: GS Elevation: 367.51 Date Complete: Water Level: 

Cleared to 5 ft. bgs. via vacuum truck and air knife. Concrete
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2 0.0

3

4

0.0

5

6

7

Silt-

8 stone

9

10

11

12

13

13 ft.

14

15
15 ft.

16

17 Silt-

stone
#1 Sand

18

19

20

0.01 in. 
slotted 
screen

20 ft. bgs.: Same as above; dry.

7 ft. bgs.: SILTSTONE (Stockton Fm.); dull red; medium hard; micaceous; contains 
some quartz; oxidized and weathered; argilliceous; dry.

Location Sketch

N
o

t 
A

p
p

lic
a

b
le

Clear 80's F

RAAB (Rick Raab)

W
e

ll 
C

o
m

p
le

tio
n

 
D

et
ai

ls

unit 592

Air Rotary/Percussion

326399.288

hydrated 
bentonite 

3/8 in.

2 in. PVC 
riser

N
o

t 
A

p
p

lic
a

b
le

6/8/2015
%

 R
e

co
ve

ry

G
ra

p
h

ic
 L

o
g

0 to 5 ft. bgs: SILT and CLAY  (ML/CL); variegated brown, light brown, and strong 
brown; stiff; dense; non-plastic to slightly plastic; some gravel grading out by 1 ft.; 
dry.

Well Installed: Single riser

Department of the Navy

60276503

1 of 2
NAWC Warminster, Pennsylvania

Boring:

U
S

C
S

/L
ith

o
lo

g
y

B
lo

w
 C

o
u

n
t

Description

S
a

m
p

le
 D

e
p

th

N
o

t 
A

p
p

lic
a

b
le

Screen: 15-25

P
ID

 (
p

p
m

)

TOC Elevation: 367.13

Logged By: G. Richards

275638.680
B

us
 s

to
p

HN-113

D
e

p
th

 (
ft

)

Depth of Boring: 

Not observed6/9/2015

S
a

tu
ra

tio
n

/ 
W

e
ll 

C
o

n
st

ru
ct

io
n

6 in.none

25

O
ri

on
 D

ri
ve

 Boring Diameter: 



Client: 

North Project Number: 
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North Unit 624 Project Number: 

Site Location: 

HN-114 Coordinates: Sheet:  

Drilling Method: 

Unit 623 Unit 625 Sample Type(s): 

Weather: Start Date: 

Drilling Contractor: GS Elevation: 348.77 Date Complete: Water Level: 

Cleared to 5 ft. bgs. via vacuum truck and air knife. Concrete

1 ML Unimproved surface.
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North Unit 624 Project Number: 
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HN-114 Coordinates: Sheet:  
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North Project Number: 

Site Location: 

HN-115 Coordinates: Sheet:  

Drilling Method: 

Unit 595 Unit 597 Sample Type(s): 

Weather: Start Date: 

Drilling Contractor: GS Elevation: 352.28 Date Complete: Water Level: 

Cleared to 5 ft. bgs. via vacuum truck and air knife. Concrete

1 ML Unimproved surface.
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Unit 595 Unit 597 Sample Type(s): 

Weather: Start Date: 

Drilling Contractor: GS Elevation: 352.28 Date Complete: Water Level: 
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 Resolution Consultants 978.905.2100  tel 
 250 Apollo Drive 978.905.2101  fax 
 Chelmsford, MA  01824 

 

Data Validation Report 

Project:  NAWC Warminster, PA 

Laboratory: Accutest Laboratories 

Job Numbers: FA25785 

Analyses/Method:  PFCs by Liquid Chromatography/Mass Spectrometry/Mass Spectrometry 
(LC/MS/MS)/ EPA Method 537 modified 

Validation Level:  Limited 

Resolution Consultants 
Project Number:  

60276503, Shenandoah task 

Prepared by:  Paula DiMattei/Resolution Consultants  Completed on:7/22/2015

Reviewed by:  Lori Herberich /Resolution Consultants   

File Name: Warminster FA25785_PFCs

SUMMARY 

The samples listed below were collected by Resolution Consultants from the NAWC Warminster, 
PA site on June 30 and July 1, 2015. 

SDG Sample ID* Matrix/Sample Type 

FA25785 

HN-110 _06302015 Groundwater 

HN-111 _07012015 Groundwater 

HN-112 _07012015 Groundwater 

HN-113 _07012015 Groundwater 

HN-114 _07012015 Groundwater 

HN-115 _07012015 Groundwater 

Dup-070115 Field duplicate of HN-115 

FB-07012015 Field Blank 

*The date of sample collection was appended to the sample ID in the project database in order to maintain unique 
sample IDs. 

Data validation activities were conducted with reference to:  

 Accutest Laboratories SOP: Analysis of Perfluorinated Alkyl Acids by LC/MS/MS; MS 
014.1, Rev. Date: 05/14 

 USEPA Contract Laboratory Program National Functional Guidelines for Chlorinated 
Dioxin/Furan Data review (USEPA, September 2011);  

 USEPA Contract Laboratory Program National Functional Guidelines for Superfund Organic 
Methods Data Review (June 2008); and 

 Quality Systems Manual (QSM) for Environmental Laboratories, Version 4.2 (DoD, October 
2010) 



 
Resolution Consultants    2 
 

 
 

In the absence of method-specific information, laboratory quality control (QC) limits, project-specific 
requirements and/or professional judgment were used as appropriate.  

REVIEW ELEMENTS 

The data were evaluated based on the following review elements (where applicable to the method): 

✓ Data completeness (chain-of-custody (COC)/sample integrity 

✓ Holding times/sample preservation 

✓ Initial calibration/initial and continuing calibration verification 

✓ Laboratory method blanks/equipment blanks 

✓ Surrogate recoveries 

✓ Matrix spike (MS) and/or matrix spike duplicate (MSD) results 

✓ Laboratory control sample (LCS) results 

✓ Field duplicate results 

✓ Internal standard results 

✓ Sample results/reporting issues 

The symbol (✓) indicates that no validation qualifiers were applied based on this parameter.  An NA 
indicates that the parameter was not included as part of this data set or was not applicable to this 
validation and therefore not reviewed.  The symbol (✗) indicates that a QC nonconformance 
resulted in the qualification of data.  Any QC nonconformance that resulted in the qualification of 
data is discussed below.  In addition, nonconformances or other issues that were noted during 
validation, but did not result in qualification of data, may be discussed for informational purposes 
only. 

The data appear valid as reported and may be used for decision making purposes.  Qualification of 
the data was not required.  

RESULTS 

Data Completeness/Sample Integrity 

The data package was reviewed and found to meet acceptance criteria for completeness:  

 The COCs were reviewed for completeness of information relevant to the samples and 
requested analyses, and for signatures indicating transfer of sample custody.   

 The laboratory sample login sheet(s) were reviewed for issues potentially affecting sample 
integrity, including the condition of sample containers upon receipt at the laboratory.  

 Completeness of analyses was verified by comparing the reported results to the COC 
requests.   
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Holding Times/Sample Preservation 

Sample preservation and preparation/analysis holding times were reviewed for conformance with 
the QC acceptance criteria.  All QC acceptance criteria were met or qualification of the data was not 
required.   

Initial Calibration/Initial and Continuing Calibration Verification 

Calibration data were reviewed for conformance with the QC acceptance criteria to ensure that:  

 the initial calibration (ICAL) percent relative standard deviation (%RSD) or correlation 
coefficient (r)/coefficient of determination (r2) method acceptance criteria were met; 

 the initial calibration verification standard (ICV) percent recovery acceptance criteria were 
met; and 

 the continuing calibration verification standard (CCV) frequency and method percent recovery 
criteria were met. 

The QC acceptance criteria were met. 

Laboratory Method Blanks/Equipment Blanks 

Laboratory method blanks and field blanks are evaluated as to whether there are contaminants 
detected above the detection limit (DL).  Target compounds were not detected in the laboratory 
method blank or field blank [FB-07012015] associated with the samples in this data set.   

Surrogate Recoveries 

The surrogate recoveries (%Rs) were reviewed for conformance with the QC acceptance criteria.  All 
QC acceptance criteria were met or qualification of the data was not required.   

MS/MSD Results 

The MS/MSD %Rs and relative percent differences (RPDs) were reviewed for conformance with the 
QC acceptance criteria.  All QC acceptance criteria were met.  

LCS Results 

The LCS %Rs were reviewed for conformance.  All QC acceptance criteria were met. 

Field Duplicate Results 

Field duplicate RPDs were reviewed for conformance with the Resolution Consultants QC criteria of 
<30% for aqueous matrices. These criteria apply if both results were greater than five times the limit of 
quantitation (LOQ).  All field duplicate precision criteria were met.  

Internal Standard Results 

The internal standard (IS) results were reviewed for conformance with the QC acceptance criteria.  
All QC acceptance criteria were met.    
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Sample Results/Reporting Issues 

If applicable, compounds detected at concentrations less than the limit of quantitation (LOQ) but 
greater than the detection limit (DL) were qualified by the laboratory as estimated (J). This "J" 
qualifier was retained during data validation.  

QUALIFICATION ACTIONS 

Qualification of the sample data was not required. 


